Abstract: This paper presents determinants of travel demand in three important cities in emerging economies: São Paulo, Istanbul and Mumbai. By comparison, similarities and differences of travel demand among the cities are identified and discussed with regard to their geographical, institutional and spatio-physical conditions. Special attention is paid to the hitherto understudied impact of the built environment on travel in emerging economy cities. Drawing on identical household surveys carried out in each city, the study reveals that gender, social status, car ownership and geographical location are consistently associated with mode choice. Yet, the relative importance of those characteristics differs in each city in line with their distinct socio-cultural realities. Trip duration appears to be more affected by built-environment characteristics, once mode choice is taken into account. But, again, potential influences of the built environment operate in different ways in São Paulo, Istanbul and Mumbai. In particular, there appears to be a closer relationship between transport and land-use in Mumbai. The variation-finding, comparative design reveals plural associations of life situation, the built environment and travel, and thus evinces specific interactions that require contextual policy attention to achieve sustainable and inclusive urban mobility.
Introduction
São Paulo, Istanbul and Mumbai are faced with many of the transport challenges identified in emerging economies -rapid motorization, congestion, infrastructure inadequacy, and declining travel speeds by all motorized modes, especially public transport (Bharadwaj, Ballare, Rohit, & Chandel, 2017; Daily Sabah, 2014; MCGM, 2016; Rolnik & Klinowitz, 2011; Tekeli, 2009) . Even though non-motorized and collective modes of transport still dominate modal splits, nascent automobile use already severely strains the functioning of transport systems in such cities (Kenworthy, 2017) . The incompatibility of urban form and functions with even a low level of motorization have long led to a situation of "declining mobility" (Gakenheimer, 1999, p. 671) in many emerging economy cities. This trend disproportionately affects socially disadvantaged groups, whose situation is further exacerbated by lack of urban policy coordination, disproportionate investment into road infrastructure and consequent negative externalities (Ahmed, Lu, & Ye, 2008; Lucas & Porter, 2016; Rode, Kandt, & Baker, 2016; Salon & Aligula, 2012) . In these circumstances, the extensive use of collective or nonmotorized transport modes results from mode captivity likely to transition into private vehicle use as incomes rise (Kutzbach, 2009; Sudhakara Reddy & Balachandra, 2012; Tarigan, Susilo, & Joewono, 2014) . Some researchers expect that mode captivity and restricted residential mobility amplifies the land use-travel relationship in emerging economies wherein the experience of transport disadvantage is largely determined by urban structure and accessibility (Cervero, 2013; Gakenheimer, 1999 Gakenheimer, , 2011 .
Indeed some of the few micro level studies on such cities suggest that denser and more mixed urban form is associated with reduced travel times and distance (Feng, Dijst, Prillwitz, & Wissink, 2013; Salon & Aligula, 2012; Shirgaokar, 2016) , reduced vehicle ownership (Guerra, 2015; Huang, Cao, & Cao, 2016; Zegras, 2010; Zhang, Wu, Li, Liu, & Li, 2014) , higher instance of non-motorized and collective transport modes (Ahmad & de Oliveira, 2016; Larrañaga, Rizzi, Arellana, Strambi, & Cybis, 2016; Salon & Aligula, 2012; Pan, Shen, & Zhang, 2009; Zhang, 2004; Lin & Yang, 2009 ) and sometimes reduced trip generation (Ma, Mitchell, & Heppenstall, 2014; Lin & Yang 2009 ). Yet, the statistical influence of built environment characteristics on travel choices is at times modest and not always in the expected direction. Aspects of "life situation" (Scheiner, 2014) , notably gender, age and social status, are frequently paramount (Adeel, Yeh, & Zhang, 2016; Mahadevia, & Advani, 2016; Manoj, Verma, & Navyatha, 2015; Tran & Schlyter 2010; de Vasconcellos, 2005) .
As cities are confronted with an imperative to escape automobile dependence (Kenworthy, 2017) , there is a need to better understand travel demand in these contexts and explore to which extent a stronger transport-land use relationship can indeed be ascertained and identified as an effective policy domain in delivering sustainable transport. Lack of reliable data on the built environment present a significant challenge in this endeavour, and only few studies successfully consider multiple aspects of the built environment including design (e.g., Larrañaga et al, 2016; Manoj & Verma, 2016; Shirgaokar, 2016) in addition to wider geographical aspects such as distance to the CBD and the transit network. These characteristics belong to the famous group of "D variables" (Ewing & Cervero, 2010; Cervero & Kockelman, 1997) , a term to denote spatial and geographical determinants of travel as key planning parameters.
Recognizing this challenge, the objective of this paper is to contribute to the literature on urban form and travel demand in understudied contexts outside North America and Europe by comparing determinants of travel demand in São Paulo, Istanbul and Mumbai with a special focus on the role of land use in shaping travel demand. Through an identical research design implemented in each city, the paper identifies both similarities and differences in travel demand patterns and discusses their implication with respect to transport policy alternatives supporting sustainable and equitable mobility.
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Transport and urban form in São Paulo, Istanbul and Mumbai
Transport policies and planning
Transport authorities in São Paulo, Istanbul and Mumbai have recognized the negative impact of growing automobile use on the urban social and physical environment. The latest transport master plan of São Paulo explicitly promotes sustainable mobility and places a strong emphasis on the role of the metro network, bus corridors and cycling infrastructure (Prefeitura de São Paulo, 2015) . The plan also highlights transit-oriented development as desirable land-use strategy. This orientation marks a considerable shift from past policies favoring automobility, wherein investment in public transport was largely left to the private sector (de Vasconcellos, 2005) . Over the last decades, a rapid transit network composed of five metro lines, numerous corridors with exclusive bus lanes and suburban rail links has emerged. Nevertheless, São Paulo continues to suffer from increasing congestion, and regulatory responses showed limited success in attenuating the problem (Lucinda, Ledo, & Meyer, 2013) . In addition, high transit fares and poorer transit accessibility in peripheral and less affluent parts of the region compels poorer households to seek informal or private alternatives (Boisjoly, Moreno-Monroy, & El-Geneidy, 2017; Kezič & Durango-Cohen, 2012; de Vasconcellos, 2005) . Istanbul's transport policy responded to rapid motorization by investing heavily into the road network, and the city only began to develop a systematic high-capacity transit system after the millennium (Gerçek, 2009; Tekeli, 2009 Municipality (IMM), whose jurisdiction was extended from the metropolitan core to the entire province in 2004 (IMM, 2016 . As in São Paulo, there has been a recent policy shift towards sustainable transportation made explicit in the 2023 Master Plan (IDA, 2014), which envisions a greater role of urban railways in providing regional connectivity, while also recognizing the importance of walking and cycling. The IMM has earmarked several billions of US-Dollars for the development of an extensive metro network within the next decade. A para transit network of private minibuses and shared taxis known as dolmuş has evolved organically with the city's increasingly disappearing informal settlements (also known as gecekondus) and are now integrated into the region's transport vision (IMM, 2016, p. 50) . In Mumbai, comparatively low car ownership has already caused an intense level of congestion, and yet motorization continues to increase rapidly (Bharadwaj et al., 2017) . The transit system, mainly constituted by surface-level commuter railways and an extensive bus network, experiences demand that heavily exceeds capacity. More recently, Mumbai added a metro and a monorail line to its rail system. Non-motorized modes constitute still more than half of all trips, and it has long been lamented that transport policies have rarely aimed at improving walking or cycling conditions (Kenworthy, 2017; Tiwari, 2007) . In addition, a variety of para transit services operate in Mumbai, notably the threewheeled auto-rickshaws and metered taxis in the central city. Current transport strategies set out in the 2016-2036 regional plan emphasize regional connectivity to be achieved by a heavily expanded metro network, an extended highway system, road widening schemes and the introduction of bus lane corridors (MMRDA, 2016; MCGM, 2016) 
Urban form
The cities differ strongly in terms of their spatial organization. São Paulo, Istanbul and Mumbai can be arranged in an increasing spectrum of compaction and land-use intensity. GIS analysis reveals that, in Mumbai, average net population density is five times higher than in São Paulo and more than three times higher than in Istanbul (Table 1) . Whereas almost all Paulistanos live in net residential density levels of lower than 30,000 people per km2, around 60 percent of Mumbaikars live in levels of 45,000 people per km2 and above ( Figure 1 ). Istanbul occupies the middle of these two extremes. Viewed in relation to the mass rapid transport (MRT) network (metro, trains and bus rapid transit), compaction translates into different levels of proximity to transit: population census data shows that more than half of Mumbaikars, nearly one in five Istanbulites and one third of Paulistanos live within 1 km of the MRT network. The urban footprints of the three metropolitan areas differ accordingly (Figures 2-4) . São Paulo's population is dispersed over a large metropolitan region, while commercial activities are concentrated in the central area around Sé and Avenida Paulista and a few sub-centers in outer areas. Istanbul, famously divided by the Bosporus into two continents, has its commercial center in the denser European part, while the Asian part hosts less dense settlements of residences and retail. Mumbai's footprint and spatial extent highlights the extremely compact physical structure, which hosts several regional sub-centers and planned satellite towns. In summary, while the three cities appear to experience very similar outcomes of declining mobility, congestion and excessive demand, they strongly differ in their spatial characteristics. In addition, they are each part of countries with very different socio-cultural histories and practices. This configuration offers a unique basis to unpack diverse processes involved in shaping travel demand within a comparative framework. Robinson (2011) envisions significant potential in comparative urban research to better account for the diverse urban experiences that exist outside established regions of knowledge production, i.e., the Global North. Her identified strategy of 'variation-finding' among 'most different cases' seems particularly applicable to the present study, in which similar urban outcomes occurring under very different conditions are co-analyzed and compared.
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Research design
Three identical household surveys were conducted in São Paulo, Istanbul and Mumbai as part of the Urban Age program at the London School of Economics and Political Science (urbanage.lsecities.net). The program studies the interaction between social phenomena and physical characteristics in cities, and urban comparison is central to this endeavor. The surveys focus on the daily experience and quality of life and include one section on transport. The data analysis proceeded in two stages. 1. All respondents across all cities were pooled into one sample to identify the similarities in travel demand patterns. A dummy variable indicated city membership. Two kinds of models were specified: (a) Multinomial Logit models of mode choice and (b) Ordinary Least Square regression models of trip duration. The results are summarized in section 4. 2. The same models of mode choice and trip duration were run as separate city-wise models to reveal differences in patterns between all cities. The differences uncovered in city-wise models were viewed against the common patterns, and in this way generic and city-specific tendencies were identified. The results are summarized and interpreted in section 5. and 2010 respectively. Within each household, one respondent aged between 18 and 64 (last birthday method) was selected and interviewed about her or his main trip. The sample was age-censored in line with the objectives of the surveys, of which transport was one section among others. The impact of this limitation will be discussed below. Since (northern) conventional RDD-based sampling strategies fail to reach a large part of the urban population in emerging economies, notably residents of informal settlements, an alternative design was adopted. One hundred survey points were sampled in each metropolitan region with the specification that 80 were to lie within the official city boundary and further 20 within the remainder of the official metropolitan region. This split was to ensure that a sufficiently diverse set of locations in terms of built environment characteristics was included. For Istanbul, the city boundary that existed up to 2004 was used to delimit the metropolitan core. At each survey point, interviewers would select ten households in a radius of one kilometer (see Figure 1 ). Weights based on age, sex and social status accounted for the geographical stratification and the respondent selection. Ipsos MORI was commissioned to carry out the field work in all three cities.
The survey collected data on the usual socio-demographic variables -gender, age, household size, socio-economic status, educational qualification and economic activity -as well as household vehicle ownership. Details of respondents' most regular trip were recorded. First, this included the trip purpose, which was assigned to seven classes (work, education, shopping, leisure, health services, personal interests and other). Second, respondents were asked to break their main trip down into segments and specify modes and travel times for each segment. Using this information, the dominant mode for each trip was defined as that which occupied the largest part of the full trip duration. Mechanized modes would supersede walking irrespective of travel time, however. The assumption herein was that if walking occurred as part of reaching a motorized mode, this segment would make a dependent element thereupon in the organization of the trip. Modes were then grouped into four categories: walking, public transport, para transit and car. Due to low numbers, respondents who rode bicycles or motorbikes were removed from the analysis.
"D variables" (Ewing & Cervero, 2010) representing geographical and neighborhood context were derived from geo-spatial analysis of sample locations as well as directly from survey questions. The data source for geo-spatial analysis encompassed official shapefiles of transport networks, local censuses boundaries, urban land cover as well as mass transit stations and road networks taken from OpenStreetMap (OpenStreetMap, 2017) . Indicators of location were defined as road network distance to the CBD and distance to the mass rapid transit network (MRT). Local rail, metros, light rail and bus routes with continuously segregated lines (São Paulo: SPTrans and EMTU corridors, Istanbul: Metrobüs route 34, Mumbai: none) considered as being part of the MRT system. To calculate the distances to the closest MRT station, the walking distance along the road network was calculated using the API of OpenTripPlanner (2018) .
For the remaining D variables (density, diversity and design), which reflect local aspects of the built environment, one indicator for each was calculated. Net population density was derived from geo-spatial population estimates disaggregated to urban land cover and re-aggregated to one-square-kilometer hexagons. This process ensured that local density estimates are standardized and comparable within and between cities given diverse census zone designs.
Indicators of land-use diversity and neighborhood design were derived from the questionnaire. Land-use diversity is the average reported travel time to formal urban amenities in each neighborhood. Services included shopping areas/markets, parks, hospitals, public offices, theatres, museums and librar-ies. Distance to shopping areas was taken as the indicator of diversity, since other services had a high number of missing values. Principal Components Analysis on variables with fewer missing data confirmed that in each city, one component emerged in which travel time to shopping areas showed high loadings (Table S2 , supplementary material).
Neighborhood design was captured through a combination of two variables: the type of housing (apartment block, house, condominium, all with/without the options of security/gate) and the neighborhood (slum, no slum, public housing estate), which was provided by the interviewers. Four items were generated from these questions: slums, apartment blocks, guarded properties and unguarded houses. Despite the contested nature of the term, slums emerged as the only workable term across the cities; it is used here in the broadest sense for informal, squatter and unplanned settlements. Full sample statistics and some technical notes on deriving 'D' variables can be found in the supplementary material.
Statistical models, variance partition and elasticities
Mode choice and trip duration are available as indicators of individual, daily travel demand. In line with discrete choice modelling in transport studies (Ben-Akiva & Lerman, 1985; Domencich & McFadden, 1975) , mode choice is estimated as multinomial logit between the alternatives walking, driving, para transit and the reference mode public transport. The model covariates include all respondent sociodemographics, mobility context variables, and neighborhood characteristics. Ordinary Least Square Regression models are used to estimate trip duration from the same covariates (simple models) and, separately, from additional dummies for mode choice (mode-adjusted models). Every model is calibrated in 'backward-step' mode, whereby all covariates are included in the model in the first instance and iteratively removed or retained based on whether they significantly contribute to the variance. All models are fitted separately for work trips, non-work trips and all trips combined.
Since coefficients of Generalized Linear Models are not comparable across samples, they do not lend themselves to comparison of variable influence. In this situation, transport studies typically calculate model elasticities to establish the influence of a variable on travel choice. Elasticities, however, remain sensitive to measurement scale in a substantive sense: the relations between a unit change in, for example, gender, social class or population density are not quantifiable in a meaningful way. In addition, in multinomial logit models, elasticities are alternative-specific and thus not directly comparable.
Dominance Analysis presents an alternative way to establish the relative importance of variables given different measurement scales (Azen & Budescu, 2003) . A common approach to Dominance Analysis is the partitioning of explained variance into the contribution of each independent variable. This approach is particularly useful in the context of multinomial logit models, where variables are diversely associated with several alternatives (Luchman, 2014) . In this way, both gradually different and contrasting tendencies across cities can be identified.
Nevertheless, individual point elasticities (following Domencich & McFadden, 1975) were computed and reported for built environment variables in addition to the results from variance decomposition (following Luchman, 2014; Lindeman, Merenda, & Gold,1980, p. 119) . The statistical software used were standard packages of R (R Core Team, 2014) and additionally packages MASS (Venables & Ripley, 2002) , mlogit (Croissant, 2013) , nnet (Venables & Ripley, 2002) and relaimpo (Grömping, 2006) .
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Common determinants of travel demand in São Paulo, Istanbul and Mumbai
Overall travel demand patterns
Descriptive results of selected travel choices from the survey reveal some general patterns shared across the cities. Walking is the most common mode in main trips in all cities, around half of the respondents walk in Istanbul and Mumbai and 37 percent in São Paulo (Table 2) . Two in five use public transport in São Paulo and Mumbai, just one in five in Istanbul. Para transit is used by 12 percent in Mumbai and Istanbul, just four percent in São Paulo, where this comprises informal car pools. In São Paulo and Istanbul, the car is used by 16 and ten percent of respondents respectively; only a minority use the car in Mumbai. 
Multinomial models of mode choice
Mode choice is consistently associated with a range of social characteristics and the geographical context of trip makers (Table 3 ). In all trips -work and non-work -women are more likely to walk and use informal, para transit, whereas men tend to use the car in work trips and formal public transport in nonwork trips. Older trip makers are more likely to drive or walk than to use public transport. In non-work trips, they tend to use para transit instead of the car. Walking is unlikely among respondents with a higher educational status; they tend to use formal public transport and the car in work trips. In work trips, formally employed respondents are less likely to walk than to ride public transit. If the trip maker travels for work, driving is preferred over public or para transit, which in turn are preferred over walking. Driving is the preferred mode among car owners. Living at a larger distance to the metropolitan CBD is associated with less transit use, which applies to non-work trips in particular. Distance to MRT counters this pattern to some extent, wherein public transport is taken more often at a larger distance to MRT, when distance to the CBD is held constant.
Whereas density does not seem to be associated with mode choice, diversity reveals some relationship. In more mixed areas, walking and driving are more common than riding public or para transit. This pattern pertains mainly to non-work trips. Slum residents are less likely to drive and more likely to use para transit in work tips. This pattern may reflect effects of income in addition to social status as well as urban form constraints.
City dummies reflect the cities' different modal splits. In Istanbul, there is a general tendency towards public transport use and a more balanced use of para transit, driving and walking than in São Paulo and Mumbai. Para transit use is much less common in São Paulo than in the other two cities, while driving is less common in Mumbai.
Linear models of trip duration
Simple trip duration models highlight the significance of socio-demographic variables (Table 4) . Trips made by men take longer than those made by women. Younger trip makers travel longer than older ones. More educated individuals take longer trips, while individuals with access to cars take shorter trips regardless of the mode chosen. Yet, these patterns nearly disappear in mode-adjusted models. Here, shorter trip duration is associated, first, with walking and, second, with driving, whereas longer trip duration is associated with the use of public transport. Car ownership and education remain associated in work trips. In terms of geographic context, trips originating distant from the center tend to be shorter than others, but this pattern is also accounted for by mode choice. Density is not associated with trip duration, but higher diversity is associated with shorter trips. The design variables also show associations. Trip makers who live in slums tend to make longer trips in all cities, while those living in apartment blocks make shorter trips. Trip makers in guarded properties travel for a shorter time in non-work trips.
Consistent with the descriptive results, trip lengths generally vary across the cities in addition to the potential effect of city-specific modal splits. Paulistanos travel longer than Istanbulites and Mumbaikars in both work and non-work trips. This city divide weakens in non-work trips, however. Mumbaikars tend to make shorter non-work trips.
Common versus divergent patterns: Findings and interpretations
The comparison of city-wise models unmasks divergent patterns, which -building up on the common determinants -may be summarized as six findings (Table 5 ). In all cities, the mode chosen is primarily a joint result of the social circumstances of the trip maker and the distance of the travel destination from the residence. The contribution of the built environment to mode choice models is low; they rarely exceed three percent (Table 6 ). Built environment characteristics are associated most with mode choice in non-work trips. Trip duration, on the other hand, responds more to geographical context and built environment characteristics than to social circumstances, once mode choice is accounted for. Associations with the 0 + + built environment are strongest in Mumbai with contributions of between five to 11 percent. The stronger land use-transport relationship in Mumbai might be interpreted, first, in terms of efficiency, whereby mixed areas provide better accessibility compared to non-mixed areas, second, network constraints including less scope for route choices and effectiveness of time-of-day choices of travel, and third, residential self-selection, whereby some respondents deliberately locate in proximity to their regular destinations to avoid longer travel and congestion.
Gender and household organization affect travel demand differentially.
Consistent with work on gender and transport by others (e.g., Tran & Schlyter, 2010) , the models reveal a higher instance of walking among women. Men, on the other hand, travel farther distances for work, shopping and other non-work destinations. Yet, Dominance Analysis suggests that, in Mumbai, gender is three times and eight to ten times more important than in Istanbul and São Paulo respectively. Indeed, in Mumbai, gender dominates the role of social status, whereas in São Paulo and Istanbul, social status constitutes a better predictor of mode choice. Since in contemporary India, women are rarely the head of household and tend to join their husband's household after marriage, household locations may generally reflect more the needs of the male head of household. Location and mobility resources are organized around the male employment, whereas women seek employment in the nearby environment or need to travel longer for work. The findings by Mahadevia, and Advani (2016) render this interpretation plausible for Mumbai.
Cultural institutions of household organization, division of labor and status of women are thus deeply implicated in shaping the mobility context of a household in Mumbai. In contrast, in São Paulo, lower car use and longer trip distances for work can be observed for members of large households, while the distribution of household responsibilities appear to be less gendered. Members of car-owning households tend to drive; and this puts motorization into focus as a general determinant of urban mobility. At the same time, car owners also make shorter trips independent from whether they actually drive. Two tendencies may explain this finding: first, car-owning households settle in more accessible locations; second, due to experience of private mobility, the tolerance of using other modes for longer trips is lower. The models in Istanbul and São Paulo support both explanations. Members of car-owning households who do not use the car in work trips appear to work more often in the vicinity while the car is used by another individual (perhaps the main earner) to reach a more distant workplace. Household location decisions may be made to satisfy the preference for auto-mobility while avoiding the cost of a second vehicle. In São Paulo, higher status households often live in more accessible locations, which exacerbates issues of transport inequity (see also Boisjoly, Moreno-Monroy, & El-Geneidy, 2017) .
On this basis, it may be expected that mode choice becomes more aligned with status in Mumbai in the future, as motorization expands. Since in Mumbai, work trips encourage public transit, it appears that public transport still provides those functions the car fulfils in São Paulo and Istanbul: motorized transportation over medium and longer distances.
5.4
Informal settlements can provide a high degree of compactness and accessibility.
The travel choices of slum dwellers indicate different functions of slums in the urban settlement systems. Mumbai slums (and their surroundings), where residents tend to walk more often to their destination, host more informal functions including employment and services than slums in São Paulo. In contrast, Paulistanos need to leave favelas in order to exercise their work and non-work activities; they require motorization through para transit. In consequence, Paulistano slum dwellers travel longer than other residents in non-work trips. In Istanbul, slum dwellers travel longer for work trips and shorter for nonwork trips. Travel demand thus suggests that gecekondus are better integrated into the urban fabric than São Paulo favelas.
5.5
Transport disadvantage may be attenuated in more decentralized urban regions.
Despite lower service levels in peripheral parts of the São Paulo and Istanbul metropolitan regions, residents living further from the CBD use public transport more often than other modes. Since car ownership is taken into account and is strongly associated with driving, it is likely that these patterns reflect a degree of mode captivity among households without access to a car. These residents are likely forced to spend significantly more time on travel. Indeed, in São Paulo, trips from peripheral locations tend to be longer, while, in Istanbul, longer work and non-work trips are made by respondents who live farther from the MRT network. By contrast, Mumbaikars living further away from the center walk or take para transit. This pattern suggests that trip makers either satisfy their travel purpose within shorter distance within the polycentric structure, where para transit fills in service gaps of public transport. In addition, there is a weak tendency for trips to be shorter in peripheral areas, which in comparison suggests that Mumbai's more compact and polycentric structure may ease transport disadvantage.
The differential impact of modes on trip duration supports this reasoning. The 'shortening' impact of walking on trip duration in the models is considerably higher in São Paulo than in Istanbul or Mumbai because motorized trips in São Paulo are much longer in comparison. By contrast, trips made by public transport in Mumbai are significantly longer relative to city average, while, in Istanbul, public transport adds least in terms of extra travel time. These cross-city tendencies are most extreme in nonwork trips, suggesting that Mumbai respondents enjoy better non-work accessibility than Istanbulites, not to mention Paulistanos.
The divergent patterns reveal the ways in which the different transport systems function in interaction with urban structure. Istanbul's urban form is relatively compact and the transport system may be comparatively efficient; hence, distances and speed of transit keep trip duration closer to the average trip length. In São Paulo, public transport adds more time to trips due to the larger distances it covers. In Mumbai, extreme dense urban form in conjunction with the quality and organization of public transport makes this mode more susceptible to congestion.
5.6
The built environment remains relevant, exhibiting diverse effects.
Dense areas show shorter trips and thus potentially increase the attractiveness of walking; yet, this potential not always materializes. High density areas are associated with a higher instance of walking in Istanbul and Mumbai in non-work trips. But Mumbaikars also take para transit in high density areas, and, in fact, are less likely to walk in work trips. A possible hypothesis is that congestion and reduced walkability in Mumbai's hyper-dense neighborhoods may counter the potential ease of walking, and the most efficient mode in this context is the small, informal vehicle, which in heavy traffic is still relatively safe and mobile. This suggests that there might be levels of density that are counter-productive, depending on the capacity of the transport network. Diversity is widely associated with shorter trip durations, increased instance of walking but also driving. In Istanbul and Mumbai, it seems that higher diversity allows better actualization of both work and non-work activities in the vicinity. Diversity contributes substantially to trip duration in Mumbai's non-work trips and to a lesser degree in work trips, again highlighting the stronger land use-transport relationship found in the city. Trip duration models suggest that neighborhoods with apartment blocks provide greater ease of travel. Trips are shorter in all trips in Mumbai and in non-work trips in Istanbul. Since other factors such as social status or access to services are controlled for, this patterns might be attributed to a design effect of apartment block neighborhoods; they might be more permeable. Indeed, the instance of walking in such neighborhoods is higher in Istanbul and Mumbai. But Mumbaikars also favor para transit, which points again to the greater substitution relationship between para transit and walking in the city. In São Paulo, there is a tendency of apartment block residents to use the car more often.
Slums are often associated with longer trips in São Paulo and Istanbul, while in guarded properties in São Paulo and Istanbul, trips for work and non-work destinations tend to be shorter. A possible explanation could be that the latter areas are better structured and less obstructed from a traffic perspective. Elasticities of density and diversity range between -.15 and -.40 in trip duration models in Istanbul and Mumbai (Table 6) . The values are strongest in non-work trips in Istanbul and Mumbai. In São Paulo, geographical location in the metropolitan region dominates the potential effects of the local built environment. Elasticities are generally higher than those reported for Vehicle Miles Travelled (VMT) in the review by Ewing and Cervero (2010) . But differences in measures (VMT versus trip duration) and calculations (average versus point elasticities) yield at best a general impression of the different effect of the built environment in the three metropolitan regions compared to cities in advanced economies.
Discussion
Considerations for transport policy
The comparative strategy foregrounds the diverse ways in which social, cultural, geographical and built environment characteristics affect travel and how households are placed differentially at risk of disadvantage within different socio-spatial contexts. On the whole, some support arises for the hypothesis of a stronger transport-land use interaction in the three cities with respect to trip duration, whereas mode choice is more associated with the distinct socio-cultural and geographical conditions in the regions. But important variations arise within this tendency, and these warrant further research based on larger samples. The findings so far suggest different policy priorities for each city. In São Paulo, social exclusion in transport is reflected in longer trips by socially disadvantaged groups in the context of dispersed settlements and lower public transport accessibility. In comparison with the other cities, Paulistano slum dwellers and residents with lower social status appear worse off and car owners better off than elsewhere. There is hence a need to improve mobility for peripheral and favela residents through an emphasis on extending public transport and supporting informal modes, potentially including emerging car sharing services. A high-level strategy of decentralized concentration possibly in form of transit-oriented development, as indeed envisioned in São Paulo's master plan (Prefeitura de São Paulo, 2015) , may help reduce travel distances in the long run. Since motorization is advanced, strong fiscal policies to discourage driving may be appropriate, if a safe and affordable public transport network can be developed.
In Istanbul, priorities should center on discouraging vehicle acquisitions, because the level of motorization is still lower and car ownership emerges as a significant determinant in mode choice. Further development of the transport network with characteristics that appeal to middle class households may be part of this solution and are indeed prominent in Istanbul's current transport strategy (IDA, 2014) . But given the city's topographic constraints, economic development and policy bias towards deregulation (Terzi & Bölen, 2012) , large-scale interventions into land use and transport may make socially disadvantaged groups more susceptible to displacement into less accessible locations. Hence, mixed and equitable land-use planning and the support and expansion of basic, local transport services, which includes the dolmuş, is vital for the long-term mobility of all groups.
In Mumbai, there is an urgent need to support the function of public transport that the car increasingly fulfils in the other two cities. A granular public transport network that is as unaffected as possible by private vehicles emerges as key concern, while para transit should be supported in their role of providing service in the metropolitan periphery. Recognizing the strongly gendered nature of travel choices in Mumbai, a focus on local accessibility and safe walkability in both very dense and more peripheral areas would support women and poorer households (see also Shirgaokar, 2014) , whose mobility and livelihood needs are at risk of being unmet by a policy emphasis on functional segregation, centerconnectivity and other large-scale supply side investments. Finally, orientating land-use strategies along the region's decentralized structure may reduce the need for travel in the region.
Study limitations
Conducting comparative research in three very different emerging economy cities is a challenging undertaking. Although data collection, sampling and consistency were central to this endeavor, outcomes in terms of data coverage, quality and validity were not always the ones desired. As a result, this study faces data limitations much like other travel demand studies in emerging economy contexts. First and foremost to mention are the sample sizes that were achievable with the resources available. As a consequence, the present statistical power causes higher uncertainty in the modelling, as reflected in standard errors. Case weights and the geographic sampling were applied to maximize statistical robustness, but better powered surveys would be desirable to verify some of the findings.
Lack of comprehensive land-use data likely cause inaccuracies in measuring land-use diversity, which in the present study relies on subjective assessments without clear attribution of mode choice. In order to at least in parts address the resulting uncertainty, individual travel time estimates were averaged for each the sampling point. Some informal comparison of the resulting values with OpenStreetMap data yielded plausible results, but for future research, better land-use descriptors would be desirable. Other variables that might be affected by the vagaries of self-reporting are trip duration, interchanges and mode choice.
The sampling points themselves present some uncertainty, and individual address-level data would have yielded more precise estimates of geographical and built environment characteristics. Precise address data were not used due to confidentiality assurances made as part of the interviewee recruitment. Similarly, a trip maker's destination and its characteristics were not collected but would have presented further valuable data on the built environment.
With regard to distance to CBD and distance to MRT, there might be some inaccuracies resulting from the quality and collection period of data available in OpenStreetMap. Road segments may not have existed at the time of the studies and records may be incomplete particularly in more peripheral parts of the region. Nevertheless, results appear robust to alternative measurements, such as simple Euclidean distances.
Dummies for settlement typology used as design variables may encompass diverse physical configurations across cities. Even within a city, an older established slum may differ strongly from younger slums in terms of design characteristics, services and social organization. On the other hand, the settlement typology generated some relevant results, and these elements may still be useful in addition to continuous design variables in the absence of reliable data on neighborhood design. OpenStreetMap might present an alternative data resource, but, at this time the completeness is questionable and heavily skewed towards centrally located and formal settlements.
The age-censored sample only allows making inferences about the cities' working age populations. Although only five to seven percent of the cities' inhabitants are actually above 65, the experiences of this more vulnerable group are important for planning and should be the subject of future transportation research in emerging economies, in particular as they undergo demographic transition.
Residential self-selection was not directly controlled for in the model due to absence of attitudinal data or information that related to decisions of residential location. In order to at least attain a general sense of potential selection effects, separate OLS and logit models of geographical and built environment characteristics with socio-demographics as independent variables were run. Although the models rarely account for more than three percent of the variance, higher status households in São Paulo and Istanbul show a tendency of living in better accessible and more central locations. This might in parts explain the weaker land use-transport relationship in the two cities. In Mumbai, on the other hand, selection effects may still be larger than expected. Low income workers tend to seek accommodation close to employment opportunities, and in so doing do not access the formal housing sector (Nijman, 2008) . Selection by low income groups may thus counter selection by high income groups. The residential mobility of informal settlers within emerging economy cities is under-researched and presents itself as another important subject for future travel demand research.
Concluding remarks
Despite these limitations, the simultaneous study of São Paulo, Istanbul and Mumbai uniquely generates evidence of diverse causal processes that are involved in shaping travel demand in these cities. The variation-finding, comparative design, offers contextual insights beyond both aggregate studies of city level indicators and single city micro-level studies. Comparison expands the focus from individual mobility practices towards broader urban structural, institutional and socio-cultural conditions, and serves the need to balance the general and the particular in transport research and policy (Schwanen, 2016, p. 2) .
In particular, it is shown that social equity issues appear in different guises and are differently implicated in transport land-use relationships in the cities. While continuing trends of declining mobility, urban sprawl, motorization and prioritization of auto-mobility intensify the everyday experience of social exclusion, current emphases on sustainable travel in some of the cities' strategies offer some hope that socially exclusive scenarios of automobile-dependence can be avoided. Further comparative research on the variegated determinants of travel demand may evaluate the effects of these policies and assess under what socio-spatial conditions they successfully deliver sustainable and inclusive urban mobility.
